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Abstract

Since 1996the Washington State Department of Ecoldggdlogy) hasdetermined that

portions of the South Fork Nooksack River and some of itsténilas had temperature levels
greater than what Washington State allows in its fresh waters. High water temperatures are
detrimental to fish and other native species that depend on cool, cleaoxygdhated water.

To address this issue Ecologlye Nooksack Indian Tribe, the Lummi Nation, and th&U
Environmental Protection Agency (EPA) cooperated on development of a temperature total
maximum daily load (TMDL) for the South Fork Nooksack River. A TMDL is required under
the federal Clean Water Act for waters that do not meet state water qualitgrdand

The TMDL study area encompasses the South Fork Nooksack River watershed, which is in
Whatcom and Skagit Counties of Washington and in Water Resource Inventoiy\/Réa)

01. The Nooksack River watershed, including the South Fork Nooksack Riwvea|eévirork
Nooksack River, North Fork Nooksack River, and associated tributaries, provides migration
spawning, incubation, rearing, and foraging habitats fariaé native Pacific Northwest
salmond species.

This water quality improvement repaliscusse the technical study and analysing with
recommendations for restoring the water hdtincludesan implementation plan that lays out
roles potential fundingandresponsibilities for this process. The primary component of the
implementation plamvolves the protection and restoration of riparian shade along the South
Fork Nooksack River and its tributarieShe report includes wasteload allocation for
temperature for one fish hatcherfn additionalnumber of activities are recommended
including forestry best management practidésod plain reconnectigrand instream restoration
activities that will help provide cool water refugia.

This TMDL studyalsoincorporates the results of an EPA pilot research project to consider how
projected clinate change impacts can be incorporated into thBI'shd implementation plans.
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Executive Summary

Introduction

The 2012 water quality assessmenthry Washington State Department of Ecoldggalogy)
determined thgportions of theSouth Fork Nooksack RivéSFNR)andsome of its tributaries
hadtemperature levels greater than what Washington State allows in its fresh(a@utessof
these portions were determined to be impaired during prior assatssim 1996 and 1998High
water temperatures are detrimental to fish and other native species that depend on cool, clean,
well-oxygenated water. To address this issue, EcotbgNooksack Indian Tribehe Lummi
Nation and theJ.S. Environmental Protection Agency (EP£9goperated on development of a
temperature total maximum daily load (TMDL) for tBENR.This water quality improvement
report contains the study, along with recommendations for restoring the water body, and an
implementation plan that lays out roles and responsibiléres potential funding sourcés this
process.

The purpose of thigater quality improvemeneportis toaddress temperature problems in the
SFNR watershed so that water quality is improveddesijnateduses are restorethd

protected More specifically, the goal is for the river and its tributaries to meet the Washington
State water qualitgtandard$or temperature. The TMDL analysis uses the existing data and a
calibrated model to describe tperature processes in the watershed, determine the loading
capacity for temperature, and set load allocations, wasteload allocations, and a margin of safety.

Why did we develop a total maximum daily load (TMDL)?

ThefederalClean Water AcC(CWA) requires hat a TMDL be developed for each of the water
bodies on the 303(d) listThe 303(d) list isa list of watebodies, which the CWA requires states
to prepare, that do not meet state water quality stand@ildsTMDL studyidentifies pollution
problems in the watersheand then specifies how much pollution needs to be reduced or
eliminated to achieve clean watérhis TMDL focuses on temperatur@otential ine sediments
impairments were not addressed amaly affect watetemperature Once the TMDL is
developedEcology,with the assistance ¢dcal governments, agencies, and the community
preparesan implementatiomplanthat describes actioig control the pollutionand a monitoring
plan to assess the effectivenesthefwater quality improvement activities

Ecology gave a very high priority to the South Fork of the Nooksack River because of the spring
Chinook salmon run that it supporfhis run is one of the mostresseaf the Chinook salmon

in theEvolutionaily Significant Units (ESU) protected by the endangered speciesneaitte
designation of essential habitdt we do nothing to improve the temperature, we expect climate
change to warm the river to lethal temperatures through much of the length o&thard/

expectthe duration of lethal temperaturtesbe longer.

South Fork Nooksack River Temperature TMDLs
Pagexiii



Watershed description

The TMDL study area encompasses 3fNRwatershed, which is in Whatcom and Skagit
Counties of Washington (Figure B and in Water Resource Inventory Area (WRIA) The
river flows to the mainstem Nooksack River, which flalw®ugh Nooksack Indian Tribe trust
lands andhrough the LummNation Reservation before sicharging into Bellingham Bay.

The Nooksack River watershed, including the South Fork Nooksack River, Middle Fork
Nooksack River, North Fork Nooksack River, and associated tributaries, prepalesing

migration, incubation, rearing, and foraging habitats foniak native Pacific Nahwest salmon

and trout species. These fish species are highly valued by the many state residents that depend
on them forsubsistencegultural, recreational, or economic reasomge Lummi Nation and

Nooksack Indian Tribe rglon salmonin the Nooksack River watershed for ceremonial,
subsistence, and commercial purpodescal residentalsorely on salmon.Many salmonid
populations have diminishetloweverto 8%of levelsin late 19" century. (ackey, R. 2000.

Nooksack River e&y run (a.k.a. spring Chinook salmon) Chinook, bull trout, and steelhead
populations comprise components of the Puget Sound Charatfkuget Sound Steelhead

ESUs, andthe CoastalPuget Sound Distinct Population Segment (DPS), all of which are listed

as threatened under the federal Endangered Species Act (ESA). Improving water quality in the
SFNRwatershed is necessary to support the recovery of threatened cold water fish species that
migrate, spawn, rear, or live there.
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Figure ES-1. 303(d) listed segments in the South Fork Nooksack River watershed.
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TMDL analysis

A TMDL analysis was developed to evaluate compliance with state water quality standards for
temperature in thBFNRwatershed and to support development Wfater Quality

Improvement RepoWQIR) andimplementation PlanR). The analysis utilized steady state
models (Shade and QUAL2Kw) thiaracterize stream temperatures and processes governing the
thermal regime during critical summer conditions, system potential vegetation conditions
(approximating the natural temperature conditions), and for a number of additional scenarios
based on technical information provided by the Nooksack Indian.Triemodels form the
technical foundation for determining loading capacity to meet temperattee quality criteria

and protectlesignatedises anddetermire theallocation of those loads to point and nonpoint
sources.

What needs to be done in this watershed?

The temperature TMDL for thBeFNRrepresents the maximum amount of heat that a water body
can receive and still meet the temperature standards, and an allocation of that amount to the
contributing sources. The allocations take the form of a load allocation for nonpoint sources and
a wasteload allocation for point sources.

Load allocations fothe SFNRtemperature TMDL establish limits on the allowable heat load

from nonpoint sources. The TMDL quantifiesatioads in terms of Watts/and as effective

shade. Effective shade allocations control delivery of direct solar radiation to the stream, both to
the mainstem and its tributaries. THisect solar radiatiors considered the largest source of

heat. Load allocations (both effeatishade and heat load) for the mainstem are provided in
AppendixD. The effective shade defigthe difference between existing and target effective
shadeplong the mainstem beginning at the confluence with Wanlick Creek by-th000

increments is showgraphically in Figure E®. Load allocations (both effective shade and heat
load) for the tributaries are provided in AppenDix

Shade deficits range from 4.0 to 32.0%, with an average of 13.4%. For the tributaries to the

SFNR, which are not modeled inttlually, the load allocations for effective shade are

represented based on the estimated relationship between shade, channel width, and stream aspect
at the assumed maximum 106ar system potential vegetation (SPV) conditions. They£a0

system potemdl vegetation is used because there are published values for tree heights based on
soil type at specific locations for 100 years of growth. When shade targets are met, Ecology will
assess whether or not timerease in shade results in achievement ofvdter quality criteriar

whether further action is needed. The shade targets and thermal loading fomstemaire

provided in Appendix C The shade targets and thermal loading for the tributaries are provided

in AppendixD of this document.
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Figure ES-2. Effective shade deficit by 1,000-m increments.

The shade allocations for the SFNR watershed represent shade levels producegeay 100
riparian vegetation. The riparian vegetation will reduce direct solar radiation to the stream and
riparian are, resulting in lower stream temperatures. An additional benefit of an improved
microclimate is also expected. There might also be indirect benefits of a more stable channel
because of the protection that a mature buffer would provide. In additiomamighading along
tributaries of the SFNR is expected to reduce the temperature of tributaries entering the SFNR,
contributing to additional cooling.

Although this temperature TMDL is heavily focused on the impact of stream shading, other
managemerdctions that can affect geomorphology, sediment loading, groundwater inflows, and
hyporheic exchange, are also recommended to reduce stream temperatures

Discharges to state waters are regulated througNatienal Pollutant Discharge Elimination
System(NPDES. Facilities with an NPDES permit are considered point sources. The
Washington State water quality standaM&gshington Administrative Cod&®fAC] 173201A)
restrict the amount of warming that point sources can cahise river or stream temperads
are cooler than the numeric criterid/asteload allocations Tiwepbesd jor the oneNPDES
discharger in th&FNRwatershed are shown in Table-ES
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Table ES-1. Wasteload allocations for NPDES permitted dischargers.

NPDES 7Q10° Effluent Flow - Effluent Flow - Water Quality Chronic X\I/I%sé:taetli?)ids
facility; (cfs) Current®/Design Design Criteria Dilution T
permit # (cfs) (cfs) (°C) Factor E'OP(?)ES
Skookum . 16 16.7
. Not Available (Jul 1 to Sept 1) (Jul 1 to Sept 1)
Creek Fish 10.2
. 91.1 (assume equals 3.2
Hatchery; (6.6 mgd)
WAG130017 current) 13 13.7
(Sept1toJul 1) (Sept 1 to Jul 1)

aHatchery discharges upstream froh8. Geological Survegt Saxon Road. Value used for wasteload allocation is assumed to
be the 7Q10 from USGS 12209000 at Wickersham plus USGS 12209490 at Skookum.
bBased on the highest average monthly summer flow for 2010 and 2011, which occurred in September.

CWAsecton303(d) (1) requires that TMDLs fAbe establ
the applicable water quality standarfrdnsthewi t h s
Code of Federal Regulations (CFR) s o st ates t hat shellttakerimoi nat i on
account <critical conditions for streamflow, |

130.7(c)(2)]. ThesFNRwatershedkxperiences seasonal variation with cooler temperatures
occurring in the winter and warmer temperatures in the smmitonitoring data show thahe
highest temperatures typically occur from rdigdy through midAugust. This time frame is
used as the critical period for development of the TMBLcheck against temperatures when
the more stringent temperature appirefall through spring confirmed that meeting mid
summer temperature criteria is the critical conditi®@asonal estimates for streamflow, solar
flux, and climatic variables for the TMDL are taken into account to develop catoalitions
for the TMDL model.

Implementation summary

An implementation strategy and plan was developed to implement this TMDL fSFR It
describes the roles and authorities of cleanup paripetential funding sources, monitoring,
adaptive management, and timeframesrfgglementationalong with the programs or other

means through which they will address these water quality issues. It prioritizes specific actions
planned to improve water quality anchave water quality standards.

A number oflocal, tribe, state, ani@deral organizations will coordinate and help to implement
this TMDL. They include:

1. Whatcom County (regulatory authority): enforcement of Critical Areas,@dkShoreline
Master Program

2. Skagit County: (regulatory authority): enforcement of Critisadas codeand Shoreline
Master Program

3. Nooksack Indian Tribetechnical assistanceesearch and problem identificatigrianning
implementatiorandmonitoringof salmon recovery actionas well asvatershedind water
guality monitoring projected climge change response and adaptive management
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4. Lummi Nation: technical assistance and special project support for riparianstnelam
improvement projects and watershed monitoring activities.

5. Ecology (regulatory authority): technical assistance, projectldpment and coordination,
Centenniabnd Section 31&rant funding, State Revolving Fund Loan program, wetlands
protection, regulation of NPDES permitted discharges.

6. Department of Natural Resourcéstplementatiorof Forest Practic@VAC 222)Rules which
have adoptedoals of the forest and fish reppursuant t(RCW 77.85requiring protectiorof
riparianzones, and land management

7. EPA (regulatory authority): technical assistance, regulation of NPDES permitted disdbarges
facilities located in withindian Country.

8. U.S. Forest ServicUSFS) technical assistance, management of forest service lands
A wide range of implementation activities will be necessary to achieve compliance with water

guality standards in tf@FNRwatershedTable ES2 listsongoing and anticipated
implementation activities. Each of thasa&liscussed imore detail in the document

Table ES-2. Implementation activities for the South Fork Nooksack River.

Implementation Activity Agency

USFS, Washington State Department of Natural

Forestry best management practices Resources, Whatcom and Skagit counties

State Environmental Policy Act (SEPA) review and land use

planning SEPA lead agencies, local land use agencies

Protection and restoration of Critical Areas and shorelines Whatcom and Skagit counties

NOAA, , WRIA 1 Salmon Recovery Board
(Nooksack Indian Tribe, Lummi Nation, WDFW,
Whatcom County, Cities of Bellingham, Lynden,
Ferndale, Blaine, Everson, Nooksack and Sumas).

WRIA 1 Salmonid Recovery Plan

Climate Change Qualitative Assessment recommendations
addressing barrier removal, floodplain reconnection, vertical Nooksack Indian Tribe, Lummi Nation, EPA,
connectivity, stream flow regimes, sediment reduction, riparian | Ecology

restoration, instream rehabilitation, and nutrient enrichment

The success of this TMDL project will be assessed using monitoring data from streams in the
watershed.

Climate change considerations

This TMDL study incorporates the results of an EPA pilot research project to consider how
projectedclimate change impacts can be incorporated into the TMDL and influence

implementation plansncluding salmon habitat restoration planniagd ESA recovery plans

The pilot project was conducted by EPA Regi on
Developmat (ORD) and Office of Water (OWj)he Nooksack Indian Tribend its partners

and consists of a Quantitative Assessnagit a Qualitative Assessmeegch of whichare

summarizedn this TMDL.
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In the Quantitative Assessment, the calibrated QUAL2Kw stregnperature model developed

for theTMDL wasused to estimate the impacts of potential future climate changes on the stream
temperature with and without the restoration of riparian forest vegetAtioew set of boundary
conditions were developed for @QIU2Kw by downsizing data from low, medium and high

impact Global Climate Model scenarios for 2020, 2040 and 2080.

The QUAL2Kw model simulatios suggest that, without restoration of riparian shade, maximum
water temperatures during critical summerbow conditions could increasby almost 6C by

the 2080s. Restoration of full system potential riparian shatia§0 yearsan help buffer

against temperature increasdswever, even with system potential shade, the critical condition
maximum 7#day averagstream water temperatures areeeted to increase by 1.1 to 3.6 by

the 2080s. Irtonjunction withthis increase, the peent of stream miles in which critical
conditionwater temperaturesxceed levels identified as potentially lettmbktlmon is prdicted

by the moel simulations to increase dramaticalliyom about 18% at present to between 60%
and 90% in the 2080s.

TheQualitative Assessment evaluategsting limiting physical factorthataffectsalmonid

habitat and survival Those factors inedelegacy impacts of land use and managensed,

impacts of climate change on salmonid specigsere are otheestoratioractionsand strategies
beyond riparian shading that are expected to protect, improve and enhance salmon recovery in
the SFNR undr predicted climate change conditions. The restoration activities with the highest
potentialinclude:

promote river longitudinal connectivity

improve floodplain reconnection

restore streamflow reges

reduce erosion arskediment delivery to the river

restorewatershed function and process

restore riparian functions

continue to implement instrearastoration and rehabilitation

develop and implement planigiractivities for the watershed

monitoring of restoratioactions and adaptive management

= =48 -8_9_49_9_9_2°_2

Why this matters

Water temperature influences what types of organisms can live in abegdterCooler water can

hold more dissolved oxygen that fish and other aquatic life need to breathe. Warmer water holds
less dissolved oxygen. Threatened and endangered sag®adrcold, clean water to survive.

One way to cool water temperature is to shade the Wwathrand tributariedy adding or

retaining streamside vegetatidn.addition, other watershed and instream practices can have a
positive influence on streams aaduatic life. This study provides important information on
historical and current activities impacting streaaswell as recommended strategies for
restorationn the face of climate change

Modeling of the effects of climate change indicate that stteamperatures will warm further
between 3.4 to 5.9C by the 2080s without any change. Providing System Potential shade
reduces that increase to 1.1 to 3.6 AT the most optimistic end of the range, °LC1s less than
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3.4°C thatis less warming and less harmful. At the least optimistic end of the ranfe 8.6

less than 5.%C, soover the entire range of estimates more shade will be reduce thermal stress
Additional measures such as deeper channels, improved hyporheiarftbimnproved
groundwater connectivity could maintain current temperatures into the,falionging fish
additional time to adapt to warming conditions.
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Wh at |l s a Tot al Maxi mum Da

A TMDL is a numerical value representing the highest pollutant load a surface water body can
receive and still meet water quality standards. Any amount of pollution over the TMDL level
needs to be reduced eliminated to achieve clean water.

Federal Clean Water Act requirements

The Clean Water AQCWA) established a process to identify and clean up polluted watkes.
CWA requireseach state to have its own water quality standards designed to protece, st
preserve water qualityWater quality standards consist of (1) designated uses for protection,
such as cold water biota and drinking water supply, and (2) criteria, usually numeric criteria, to
achieve those uses.

The water quality assessment and the 303(d) list

Every two years, states are required to prepare a hgateh bodieshat do not meet water
guality standardsThis list is called th&€ WA 303(d) list In WashingtorState this listis part of
the WaterQuality Assessmer(f!WQA) proces.

To develop th&VQA, the Washington State Department of Ecology (Eco)agpmpiles its own
water quality data along with data from local, state, and federal governingas industries
and citizen monitoring groups. All datathisWQA arereviewed to ensure that they were
collected using appropriate scientific methods beforg dine used to develop tNéQA. The
WQA divides water bodies into five categories. Those not meeting standards are given a
Category 5 designation, which collectiydlecomes the 303(d) list.

Category I Meets standards for parameter(s) for which it has been tested
Category 2 Waters of concetn
Category 3 Waters with no datar insufficient datavailable
Category 4 Polluted waters that do not requird DL becausehey.
4ai Have aTMDL approved by EPA
4b1 Have a pollution controprogramin place
4ci Areimpaired by a nopollutant such as low water flow, danes culverts

Category 5 Polluted watersnthe 30%d) list.

Further informationimsvai | abl e at Ecol ogyds Water Quality
(https://ecology.wa.gov/Wat&horelines/Watequality/Waterimprovement/Assessment-
statewaters303d.

The CWA requires that a TMDL be developed for each ofvider bodie®n the 303(d) list.
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TMDL process overview

Ecology uses the 303(d) list to prioritize and initiate TMDL stud@®ss the stateThe TMDL

study identifies pollution problems in the watershed and specifies how much pollution needs to
be reduced or eliminated to achieve claater. Ecologywith the assistance tdcal
governmentstribes,agencies, and the communitievelofs a planto control and reduce

pollution sourcess well asa monitoring plan to assess effectiveness of the water quality
improvement activitiesThis comprise thewater quality improvement repoftVQIR) and
implementation plaiP). The IP section identifies specific tasks, responsible parties, and
timelines for reducing or eliminating pollution sources and achieving clean water.

After the public corment periocon the draft TMDL.Ecology addresses the comments as
appropriate. Then, Ecology submits the WQIR/Ifh®U.S. Environmental Protection Agency
(EPA) for review andappro\al.

Who should participate in this TMDL process?

Nonpointsource pllutant load targets have been set in this TMDL. Becawasgointpollution
comes from diffuse sources, all upstream watershed laagathe potential to affect
downstreanwater quality Therefore, all potential nonpoint sources in the waterghgstuse
the appropriate best management pras{(iB&Ps)to reducesffects o water quality The area
subject to the TMDLthe South Fork Nooksack River (SFNR) watersigedhown in Figurd.

Similarly, all point source dischargers in the watershed must ataplg with the TMDL.

Elements the Clean Water Act requires in a TMDL

Loading capacity, allocations, seasonal variation, margin of safety, and
reserve capacity

Awat er I|dading gapasitysthe amount of a given pollutant tredvater bodycan receive
and still meetvater qualitystandards The loading capacity provides a referefarecalculating
the amount of pollution reduction needed to brivga¢er bodyinto compliance wittihe
standards.

The portion of the receiving watwastefoabribadadi ng
allocation. If the pollutant comes from a discrete (point) source subject to a National Pollutant
Discharge Elimination System (NPDES) permit, such as aanunp a | or industrial
di scharge pipe, that facil it wasStsloadgdiaatienlfof t he
the pollutant comes from diffuse (nonpoint) sources not subject to an NPDES permit, such as
general urban (neregulated Murgipal Separate Storm Sewer SysteM$4s)), residential,

forestry,or farm runoff, the cumulative share is calleldad allocation
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Figure 1. Study area and temperature standards for the South Fork Nooksack River watershed.
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